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Bevelop  optical  eiiviifoiaiffleiital  factors  affeetirng  tiaval 
surveillance  an#  counter -suTveillanCe  requSrCnaettts  and' 
systems.  More  specifically,  obtain  polar  environmental 
data  (1)'  for  computing  and  prediictlng  tbe  optical  detecta- 
bilily  of  targefsj  and  (2)  for  basic  geophysical  research 
studies. 


Optical  and  meteorological  data  were  collected  during 
naval  exercises  in  the  Bering  Sea  during  the  winter  ©f  . 
The  data  represent  the  fullest  description  of  sea  ^  level 
arctic  optical  conditions  presently  available  *  fhe  Informal 
tion  can  be  used  for  the  analysis  and  prediction  of  condi-^ 
tions  influencing  (1)  visibility,  (2  )  photographic  or  photon 
electric  surveillanGe,  and  t3)  equipment  and  personnel 
operations. 


The  data  will  be  used  for  continuing  studies  of  sea 
surface  target  backgrounds  and  for  studies  of  remote 
sensing  by  optical  means  of  sea  and  ice  eonditions.  The 
datu  will  also  be  coordinated  with  extensive  ground  level 
Optical  information  presently  being  accumulated  at  Point 
Barrow. 


The  work  was  done  under  SP  QQ3  02  03,  Task  0533 
(NEL  N6-4)  by  members  of  the  Material  Sciences  Group. 
The  data  were  gathered  during  the  winter  of  I960  and  the 
analysis  was  completed  June  1962,  The  report  was 
approved  for  publication  18  December  1962. 
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As  paFt  c)f  a  cdH-itinuiiag  program  of  resoarcb  irltd  itBie 
ged^optles  of  tfae  pofar  naval  environimeat,  a  series  of 
investigatioas  was  Hadertakea  aad  data  colleeted  daring 
aaval  exercises  in  fee  Berfeg  Sea  la  fee  winter  of  1 96fe 
Tiie  parpOses  of  the  Studies  were  twofoM^  (1)  to  provide 
iafdrmatioa  for  fee  computation  and  predletioa  of  fee  opti^ 
cal  detectability  of  targets  or  environmeatal  features  of 
military  interest*  and  (2 )'  to  provide  data  for  basic  geo¬ 
physical  r  esearch  studies. 

The  information  recorded,  or  extracted  from  recorded 
data,  includes  horizontal  illuminance,  lummance  distribu^ 
tioas,  goaiophotometric  curves  for  snow  and  ice,  aaoma- 
lous  atmospherle  refractioa,  photometrically  calibrated 
aerial  photographs  of  fee  wiater  ©eriag  Sea  surface,  and 
auroral  aetivityi  All  fee  measiurements  were  made  from 
stations  on  or  near  fee  ice  •^breaker  IISS  ST  ATEN  iSLANP 
(Age  5),  in  a  general  area  extending  from  the  straits  of 
pnimak  Pass  to  St,  Lawrence  Island* 

For  purposes  of  predicting  surveillance  conditions  and 
the  detectability  of  targets,  the  most  significant  data  cdL 
lected  eonsist  of  (1 )  the  nearly  continuous  recording  of 
horizoatal  (downwelling)  illumfeanee  made  over  the  period 
January  2  3  through  February  23;  (2)  the  series  ©f  about 
130  photometric  photographs  made  of  the  sea  surface  from 
one  of  fee  ship's  helicopters;  and  (3)  a  series  of  luminance 
distributions  with  the  sun  at  zenith  angles  between  75°  and 
96°  under  both  clear  and  overcast  conditions:. 


The  following  pfeotometrid  'quantities  were  naeasMf  ed 
or  investigations  and  observatiqns  naade.:, 

i  *  Contplete  surfade  weather  observations* 

,2.,  HorizOntal-downwelling  ilMnainande* 

3.  Lviininanee  distributions  * 

4.  PhotOMetridatty  dalibrated  aerial  photos  of  frozen 
or  partially  iee-dovered  sea  surface* 

5*  Observation  of  sunr  ise  ^sunset  times  lor  study  Of 
refraction  anOMalieSi 

6.  Ooniophotoinetric  properties  of  snow  and  ice* 

In  addition,  the  eomplete  and  aGCUrate  ship's  traek  for 
the  experimental  period  was  recorded  for  later  eorreiatlon 
of  the  redorded  data  and  zone  times  with  true  sun  and  moon 
positions.  Figure  1  surnmarizes  graphically  the  pattern 
and  frequency  of  data  Goiledtion.  The  shaded  bars  indieate 
the  presence  of  some  data  or  observations  for  that  date. 
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FigMte  I.  Bering  Sea  experiment  schedule. 


Tile  decision^  td  indiGate  dvercasl:  dr  clear  dr  fedtli  was 
gdverned  td  a  large  e idieni;  fey  Gdiiditidas  prevailMg  during 
the  data  CdlleGtidn  pdrtion  of  the  day,,  excltisive  of  considera- 
tidii  for  the  illuininaace  meter  whiGh  ran  mdre  dr  less  cdn- 
tinadusly'. 

Phdtdmetrie  Quantities  were  measured  with  devices 
containing  phdto cells  Corrected  by  means  of  filters  to  the 
standard  photopic  spectral  response  charaGteristiCi  An 
exception  was  the  aerial  camera  which  ased  an  uneorrected 
plus^lT  emulsidn  and  a  visual  comparisdn  hand-held  photom-^ 
eter  which,  of  course*  gave  readings  referred  to  the 
response  of  a  specific  human  eye. 


Illuitiinaitce  Photoitieter 

A  photometric  system  designed  and  constructed  at  the 
L/abdratory  gave  a  continuous  recording  of  illumihanee. 

The  system  consisted  of  the  following  elements: 

1.  Two  Lambert 'Surface  (cosine)  translucent  collecting 
heads,  identical  except  that  the  daylight  head  eontained  a 
neutral  Wratten  filter  of  about  density  3. 

2.  The  detector  element,  an  PC  A  type  1P21  multiplier 
phototube  with  an  attached  Wratten  1Q6  filter  for  adjusting 
the  S-4  spectral  response  to  standard  photopiG  response, 

3.  The  heated  and  thermostatically  controlled  photO' 
tube  housing  in  which  temperature  was  maintained  at  +25®C, 
It  assured  that  the  precise  alignment  of  the  electronic  cir¬ 
cuitry  which  had  been  made  with  the  phototube  at  room 
ambient  temperature  would  be  preserved  under  the  normally 
prevailing  cold  and  inclement  conditions  of  the  experiment. 
The  heater,  in  fact,  maintained  the  proper  temperature  and 
in  addition  prevented  condensation  or  deposition  of  moisture 
inside  the  housing  or  on  the  optical  head. 


4‘»  Tfee  ffiultiplifeF-piiOlotiafoe  eiremil  of  tbe  constant 
current  cirettit  tj^e  wM-cii  fujpnisteOs  an  Omtjpmst  voitage  pro= 
portional  to  tte  iogariSbna  Of  tfee  llgfet  ineidont  on  ttre  photo^ 
Gathode,  Tke  dynainiG  range  of  tfee  einoutt  exceeded  four 
deeades;. 

5,  The  reqorder,  a  Varian  G^H  type*  having  a  paper 
speed  of  I  S  fnehes  per  hour  with  the  recording  span  ad|usted 
to  give  four  decades  Of  llluniinance  for  the  5-^  inch  ihundred- 
unit  paper  widths  The  record,,  easily  read  to  f  division^ 
afforded  a  recording  pre  eision  of  d.  12  decade  or  about  1,  IS 
of  the  illuniinattce  value  recorded.  This  preeision  was 
ohtained  over  the  range  of  more  than  seven  decades  spanned 
fey  the  two  optidal  heads. 

The  iiluttilnance  photometer  head  was  installed  at  a 
level  afeout  §  feet  afeove  the  forward  port^sidie  edge  of  the 
flight  deck,  to  this  position  a  total  of  1 3  SO  square  degrees 
of  the  sky  is  ©festructed  fey  ship's  structures  and  adi|a>cent 
ofejects.  This  total  ofestructlon  was  determined  froitn'  the 
planimetry  of  a  panoramic  photo  made  from  the  optical 
head  position,  and  amountiS  to  only  s.  S  per  cent  of  the  total 
20,  60 0  square  degroos  constituting  the  solid  angle  Of  the 
entire  sky.  M  the  weather  is  overcaist  or  the  sun  unofe- 
Structed  by  any  of  the  noted  structures,  it  is  estimated  that 
the  readings  Of  the  inslrument  will  fee  affeeted  fey  iesS:  than 
1  per  cent,  Mo  readings  were  transcribed  from:  the  re^ 
cordings  GOrresponding  to  direct  shadowing  of  the  sun  fey 
any  artificial  means:. 


Luiniiiance  Phol^itieler  Fiekl) 

The  lunainance  photometer  with  which  the  luminance 
distribution  measuremenls;  were  ma4ie  has  as  its  central 
feature  a  very  eompact,,  sensitive,  yet  w/ide-dynamic-range 
photometer  eireuit  operated  on  dry^cell  hatteries.  ^  tSee 
list  of  refereneea  at  end  of  report. )  Figure  2  shows  this 
device  being  used  to  measure  sky  luminance.  The  optical 
and  mechanical  portion  of  the  instrument  consists  of  the 


long  light -ifeaf fie  iaifoe  shoWBi  and  the  small  teleacepe  eon- 
taining  the  ohjedtive  l&ns,,  field  l6nS),  apertti^e  stops  (5,  16, 
W  mifiuteS'  nf  ar'c):,.  and  the  iRGA  lP2i  multiplier  photottlfoe. 
The  standard  telescope  tripod  had  altiinde  •^azimuth  Glrcies 
from  which  the  teleseope  position  was  read.  Bdring  data 
collection  sessions  these  angie  circles  were  oriented  fey 
first  leveling  the  azimath  circle  fey  successive  sightings  of 
the  horizon  with  the  scope,  setting  the  elevation  eircle  to 
0°  and  then  setting  the  0°  point  of  the  azimuth  circle  to  the 
position  of  the  sun  or,  for  overcast  conditions,,  to  geo-^ 
graphieal  north. 


Figure  2\ 


Using  photometer  to  measure  sky.  luminance  < 


Oantera 

Ttoe  piiQtoffietricaily  ealibrated  photograpMe  negatived 
were  made  with'  a  slaadard  K-2®  haad-held  aerial  Gamera., 
Tfeis  eamera  ases  5®-exp:0:sare  r&ll  filiil.  The 

Sipe  eial  GaliforatioH  te  chaiqae  dM>  not  reqaire  speGial  hand- 
liiig  of  the  film  in  processingi  ^  The  rolls  were  processed 
aboard  the  ship  and  iaspeGted  as  the  work  proeeededi 


Other  Ec|yi|iiiienl 

In  addition  to  the  major  devioes  listed  abovej  some 
data  were  oolleeted  with  a  hand-held  Laekiesh-Taylor 
visaal  photometer. 

All  absolute  photometriG  calibrations  were  obtained 
during  the  Gourse  of  measurements  with  the  aid  of  ealibra- 
ted  light  souree  having  a  trans illuminated  plaitue  Of  lumi- 
nanoe  92  *  6  f  OOt^lamfoerts#  *  This  souree  was  cheeked 
against  National  Bureau  of  itandards  photometrie  standard 
lamps  Over  an  extended  period  of  time  both  before  and 
after  the  ejmeriment.  No  Ghanges  in  luminance  were 
detected. 


MErHODS  OF  ANALYSIS 


Geographical  Localion  ancl  Time 

Preliminary  analysis  of  the  luminance  and  illuminanee 
data  required  that  a  detailed  description  of  the  ship's  posi¬ 
tion  be  prepared^  It  Was  elected  to  divide  the  geographical 


'^Calibrated  brightness  sourcei  Photo  Hesearch  Corpora¬ 
tion,  Hollywood,  California. 


area.  invQived  teo  30 -minute  bieefes.  Tbese  biocks  are 
commensurate  witl  maximum  possible  errors  in  time 
measurements,  sMp  position  records),  and  computational 
prescision  of  the  sun  and  moon  position,  i?tll  data  collected 
in  a  given  block  were  assigned  the  latitude  and  longitude 
of  the  center  of  the  biocki  Ml  time  notations  on  recorder 
paper,  logSi,  and  data  sheets^  were  in  local  standard  zone 
time,  These  were  all  later  adjusted  to  (-1-11,)  zone  time  for 
uniformity  in  computing. 


lllliifliitaiice 

From  calibration  records  and  other  qualifying  notes, 
valid  illuminance  data  were  blocked  out  on  recorder  rolls. 
These  were  read  at  l  O-minute  time  intervals  with  a  special 
logarithm- Seale  rule,  indexed  for  absolute  calibration  and 
Optical  head  selection  (day  or  night).  These  raw  Illumi¬ 
nance  data,  the  date^time,  and  ship's  position  were  entered 
on  IBM  cards  from  which  a  set  of  processed  data  cards 
was  produced  having  the  date -time,  illuminance,  log- 
illuminance,  azimuth  and  zenith  angles  of  the  sun'  s  position, 
azimuth  and  zenith  angles  Of  the  moon,  and  the  phase  of  the 
moon,  The  final  set  of  data  consisted  Of  about  2000  cards 
which  were  then  studied  by  employing  a  card  sorter  and  a 
digital  plotter. 


UiminanGe 

§ky  luminance  records  required  special  handling  to 
account  for  the  finite  length  of  time  required  to  collect  the 
information,  The  pattern  of  telescope  motions  which  re¬ 
sulted  in  the  shortest  over-all  measurement  time  consisted 
of  setting  the  telescope  to  zenith  angle  and  quickly  rotating 
to  each  azimuth  position.  By  duplicating  the  first  azimuth 
rea,ding  at  the  end  of  the  turn  and  by  reading  the  zenith  at 
the  beginning  and  the  end  of  each  complete  session,  it  was 
possible  to  determine  a  time -skew  to  the  luminance  pattern. 


with  tike  prevailkig  typicailly  high  zeisith  aiagles  f  df  the  silhi 
the  SssuMptioii  of  a  siiaple  Itneaf  ireilatioiisMp  between  tipte 
and  log^lnnailaance  enaMed  the  readings*  recorded  as  log 
Cft-li,l  to-  fere  correeted  fey  appileation  of  a  sirapie  linear 
eorrection  factor  based  primarily  on  the  beginning  and 
ending  zenith  Inminanee  readings. 

These  corrected  readings  were  then  entered;  on  ffiM 
Cards  and  a  compnter  interpolation  analysis  made  to 
determine  the  location  of  the  selected  Inminance  intervai 
values*  In  the  case  of  the  clear  skies  which  covered  a 
relatively  large  range  Of  luminance,  an  intervai  of  0*  10 
log-eycle  was  selected.  For  overcast  conditions,  which 
have  a  much  smaller  brightness  range,  the  interval  selected 
was  0.  05  log cycle*  These  intervals  represent,  respec- 
tivelyi  5§  and  12  per  cent  luminance  Ghange  per  interval. 

Since  interpolations  were  Galculated  between  all 
possible  adjaeent  pairs  Of  feadings  including  diagonals,  a 
grouping  of  points  of  a  given  luminanGe  was  frequently 
obtained  and  an  effective  smoothing  of  the  data  aecomplished 
in  drawing  in  the  isOluminance  oontours* 


Atiiiospheric  Refraction 

Values  of  atmospherie  refraction  were  indirectly  deter¬ 
mined  from  a  precise  recording  of  the  time  Of  siunrise  or 
sunset  and  the  concurrent  position  of  the  ship.  The  equation 

sin  a  =  sin  cp  sin  6  +  cqs  cp  cos  §  cos  h 

where  a  is  sun  elevation,  ep  is  latitude,,  S  is  solar  declina¬ 
tion,,  and  h  is  the  solar  hour  angle,  was  used  to  compute 
the  actual  position  of  the  sun.  In  each  ealeulation  normal 
refraction,  angle -of-dlp  for  the  bridge  obsepving  position, 
and  surface  tempu^'ntur e-pressure  corrections  were  made. 
The  residue,  if  any,  was  called  the  “anomalous''  refraction. 


Except  fcr  s'urfaee  teiaperatBre  aiidi  p;f ©ssu^pe,^  the 
afeoVe  calCuiations  are  based  on  a  theoreticai  rnOdel  atmos- 
p'feere  rf  iving  a  refnaction  of  34  minutes  at  9'0°  izenitb  angle  <, 
©ata  on  the  vertical  atmCspnerie  profile  were  not  available 
for  the  exaGt  times  Or  for  the  sMp''s  positions,  but  radio¬ 
sonde  data  are  available  routinely  from  Uomej  the  nearest 
weather  station,  'fhese  data  were  analyzed  for  optical 
refraGtiOn  by  the  tedhniqfue  of  Welsbrod  and  i^nderaon.  ® 
This  nomographic  method,  developed  for  radio  propagation 
predictions j  is  remarkably  effective  and  simple  in  pre¬ 
dicting  optical  refraction  as  Well.  One  uses  the  equations 
as  given  but  neglects  the  terms  involving  the  electron  den^ 
Sity  Which  have  no  consequence  at  optical  wavelengths. 


Optical  Properties  of  Sitow  and  Ice 

Field  instrument  limitations  imposed  certain  accuracy 
restrictions  on  the  collection  of  goniophotometric  curves  of 
the  snow  and  ice  surfaces.  Ideally  one  would  prefer  to  have 
a  fresh  sample  of  the  surface  for  photometric  examination 
at  all  angles  of  inGidence>  for  various  angles  of  illumina¬ 
tion  by  a  narrow  collimated  source,  and  with  wavelength  as 
a  variable  as  well. 

With  only  the  tripod -mounted  small-field  photometer 
available,  it  was  necessary  to  select  a  very  large  undisturbed 
and  uniform  snow  surface  for  measurement.  The  point  of 
location  of  the  photometer  was  approached  from  a  eross- 
sun  direction  and  measurements  of  luminance  made  along 
a  path  from  horizon-to-horizon  aligned  with  the  azimuth  of 
the  sun  and  from  horizon  -  to-nadir  in  the  direction  90°  to 
the  azimuth  of  the  sun.  This  technique  is  based  upon  the 
assumption  that  all  points  along  the  paths  had  identical 
optical  properties. 


Phdlograiihic  Ftiotofiietry 

Pih:0-t&graplas  were  analyzed  by  a  inetbodi  d'eseribed 
earlier  by  tbe  aatbor.®  Basically  Ibis  Eaetbod  presents 
several  advantages  over  tbe  standard  sensitornetrie  metbods 
normally  employed  in  sncb  pbotometry.  A  six-‘step  grey 
Seale  is  employed  and  a  set  of  exposures  of  tbis  scale  is 
made  with  two  to  tbree  stop  differences  In  sUe-eessive 
exposureSi  Tbis  gives  density  steps  on  the  several 
exposures  covering  a  film  exposure  range  of  about  500  to 
When  these  densitie.S'  are  plotted  as>  ordinates  against 
a  log-reflectance  scalej  a  set  of  vertically  separated  curves 
resultSi  An  empirically  deterinined  factor  of  the  abscissa 
values  is  introduced  to  all  but  one  of  the  curves  by  sliding 
the  curves  horizontally  until  a  best  sniooth  fit  is  obtained> 
The  resulting  curve  is  the  luminance  transfer  function  for 
the  film-lens^camera  body  combination  and*  if  care  is 
used*  accounts  for  lens'  and  camera  body  SGattering  not 
normally  accounted  for  in  ordinary  sensitometry.  The 
advantages  are  that  special  processing  equipment,  sensi"^ 
tometric  faeilities*  or  other  devices  ex:Cept  for  the  painted 
grey  scale  are  not  required  in  the  field.  Pictures  can  be 
processed  immediately  and  inspected  before  the  opportunity 
for  additional  pictures  has  passed.  And,  of  course,  the 
total  contrast  transfer  function  for  system  is  obtained 
directly  and  simply. 


Illuminaiice  -  Day 

The  illuminance  data  must  be  dealt  with  in  two  parts, 
for  day  and  for  night.  About  75  per  cent  of  the  illuminance 
measurements  show  an  overriding  influence  of  the  sun's 
presence  and  are  considered  daytime  data. 

Figure  3  is  a  comprehensive  plot  of  all  these  sun- 
influenced  illuminance  data.  Shown  superimposed  is 
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Brown's  average  clear  4ay  liittmlnation  carve  for  iihese 
sttn-zenitto  angleSi  ^  M  tfee  weatfeer  pattern  is  noted  fron® 
figare  1  and  the  sarnpies  of  daily  Carves  shown  in  figiares 
'21'  and  2  8  (pages  80’  and  31  hare  noted  for  Ihieir  generaily 
srnooth  shape*  the  obvious  cOnGlusioa  is  that  the  variation 
in  iilUHainanee  at  a  given  sun-zenith  position  is  a  function 
of  eloud  cover*  The  upper  bound  of  the  data  shouid  then 
represent  illuinination  for  a  clear  winter  environment  and 
the  lower  bound  that  for  totally  overcast  conditions* 


Miglil  illiiiifiiiaftce  atiil  Aurora 

Figure  4  shows  the  illuminance  Gurve^  produGed  from 
four  nights  covering  a  5-day  period^  near  the  time  of  the 
full  moon*  Practically  no  data  Were  eOlleeted  at  limes  of 
no  moon  influence,  and  the  sensitivity  limit  of  the  equip¬ 
ment  itself  was  imposed  at  ahout  ICT^  ft- candle S:.  For 
each  of  the  curves  plotted  the  mOOn  phase  is  noted.,  The 
difference  in  the  right  ascensions  of  the  sun  and  mopn  is 
taken  as  the  definition  of  phase  in  this  study.  For  each 
night  are  noted  the  clOud  cover  and  weather  condition. 

Two  evident  features  of  these  eurves  are: 

1.  Excessive  variability  Of  the  data  points  for  2/!l:3>14 
and  2/14-15. 

2,  The  decidedly  anomalous  values  shown  for  the 
evening  of  2/14  and  the  similar  but  smaller  indication 
shown  for  the  mornings  of  2/14  and  2/T5. 

Unfortunately  the  variability  eharacterized  by  the 
data  of  2/10-12  is  a  limitation  caused  by  preeision  limits 
of  the  recorder  —  photometer  system  and  not  by  any  real 
variation  in  the  illuminance.  That  shown  for  2  /13-15, 
however,  can  certainly  be  attributed  to  the  broken  overcast 
conditions  in  the  first  instance  and  the  snow  storm  in  the 
second  case. 


Dwteg  tfoe  experjsmefiitsij  the  iave&tigatojrs  and  the  mefi 
ef  the  fef^idge  wateh  kept  alert  fer  aure-nal  oeemrrences  for 
direot  GOrrelatioii  with  photoaiaeter  reGordSi  Mene  were 
ofesierved!  during  the  periodi  of  data  eOlleetion,  SPeh  oPser- 
vatioris  Were  possible  only  dPring  Glear  conditions^  Extract 
ing  the  oecurrence  of  aurora  from  the  records  themseives 
seemed  a  distinct  po'ssifeiiity,  since  the  prediGtion  of  night 
illuaciinance  values  is  relatively  straightforward  and  simple.. 
The  anomalous,  high  values  noted  above  are  the  only  sus^ 
pect  data  found  from  a  careful  search  of  all  the  records. 


Figure  4.,  Mogri  inf luen.ee d'  illuminance.. 


Oft'g  can  CQncMdie  that  at  least  on  the  eveninf  of  2  /14  there 
was  an  oceurrenGe  whiGh  inGreased  the  illuminanGe  by  a 
faetor  of  abont  ten  over  the  nornial  eonddition  or  to  abotit 
the'  amoiant  of  light  of  a  full  moon  high  in  the  skyi.  It  seems 
reasonable  that  this  iaGrease  cOuM  only  have  been  oaused 
by  an  aurora  i 

Figure  4  also  indicates  as  dashed  curves  the  average 
twilight  solar  effeet  and  ipossibie  extrapolatior  s  of  three  of 
the  moonlight  curves  based  on  indiGaiions  shown  by  the 
eUrve  of  2 ,/ 1 3-^  14 . 


iiinilnafiee  lilsiribiitloits 

Table  1  lists;  every  OGeasion  of  luminance  distribution 
measurement  Thes'S  measurements  eover  the  available 
Gonditions  of  cloud  cover  from  Glear  to  heavy  overcast  and 
a  sampie  of  sun  zenith  angles  to  the  low  level  limits  of  the 
photometer^  Goncurrently  noted  in  the  table  are  values  of 
iliuminanGe  read  from  the  records  of  the  illuminance  photom 
eter  at  the  mid-^seission  time  for  eUch  sky  measurement. 

It  should  be  noted  that  the  values  given  on  the  isolumi^ 
nance  lines  in  figures;  through  25  are  the  logarithms  of 
luminance  measured  in  foot-iamberts,  The  intervals 
seleGted  for  clear  skies  and  for  overGast  skys  are  different, 
being  h,  2  unit  for  the  former  and  Q,  05  for  the  latter,  On 
sky  Po;,  11  it  was  reGOrded  that  a  ''White  ^  out''  Gondition 
seiomed  to  exist  and  yet  the  measurements  showed  a  rela^ 
tively  highly  structured  brightness  pattern.  In  all  cases 
the  air  was  relatively  clear  and  good  horizontal  visibility 


f  ASLE  i.  SKY  MmmjmCE.  &ISTRlS«tIOMS  ifOTiSia: 

GENERAL  WEATHER  GONDlTiONSs  ©ATE-TI-MESj 
AND  SIMULTANEOUSLY  RECORDlD  ILLUMINANCES. 
BERING  SEA,,  WINTER  19m 


m:..  \ 

1  Date 

^  Time  ! 

S'.an'  1 

i  Zebitbf  l 

Illuminan'ce  | 

Weatber 

1 

i  28  Jafi 

;  1211  ; 

81.2. 

i  1100 

Clear 

'$  \ 

5  Feb  ; 

I  1045  : 

:  8L  5  1 

550 

Watery  suH 

3  i 

1  6  Feb  : 

'  0829  : 

91,5  ; 

1  11  ; 

;  Overeast 

4 

6  Feb  : 

. 

0917 

;  88, 3  : 

j  160 

Overcast 

5.  I 

;  6  Feb 

‘  1203  ■ 

;  78, 5 

;  890 

1  Overcast 

6  : 

6  Feb 

:  1330 

^  79, 0 

1  715 

Overcast 

'7 

7  Feb 

,  0943  : 

:  84, 8 

'  340  : 

;  Overeast 

8  ; 

;  7  Feb 

iioi 

79, 5  ; 

720 

:  Overcast 

-9'  ; 

7  Feb  ; 

,  1426 

:  80.  9 

926 

:  Clear 

10 

9  Feb 

;  1425 

80. 2 

520 

Clear 

11  ' 

9  Feb 

1643 

91,1 

24  ] 

Thin 

I  overcast 

12  ; 

9  Feb 

1657 

92.  a 

6, 4. 

Overcast 

13  ^ 

1 1  Feb 

1226 

75,.  5 

1710 

Clear 

14 

:  11  Feb 

1650 

90, 7 

16 

Clear 

15  ; 

11  Feb 

1705 

92,4 

r  .  : 

3,7 

Clear 

16 

11  Feb 

1719 

94.  0 

0,  49 

Clear 

17 

:  11  Feb 

1734 

95.  5 

0.  055 

Clear 

18 

i  22  Feb 

0904 

90,  6 

346 

Clear 

19 

:  22  Feb 

0916 

8  9,  2 

462 

Clear 

20 

;  22  Feb 

0936 

87, 1 

830 

Clear 

21 

22  Feb 

0956 

85,0 

1260 

Clear 

IS 


F  i  g  u  r^e  &  •  Js-o-I  urn  t  - 
7z an c  e  d  i  a  g  turn > 
nok  JLy  €.2'^  12'^  Ny 
17#'°  snow. 

,0-  O  e  r  s  e  a  i  :c  e ,  c  I  e  a  r « 
wind  20  'knotsi  sun 
e  1  ''e  v  at  i  o>n  ^8  •  8 •: 


Figure  Si-  Iselumi'^ 
natiee  diagram ^  sky 
no..  2,:  62^  33k2f  M, 
16  9^  06^  Wr  sn&W: 

0  0* v  e  r  e.d  i  0  e ,  wat  e  ry 
3 UM  f  w  ind  3  0  k no: t  s  , 
s  un  e.i  ev  a  t  i  0:  n  ^8 $  ° 


F'l  g  u  r  e  7  .  i  s  6 1  u  rn  i  “ 

n  an  d  <e  d  t  a  g  ram  >  s  kg' 
no.  '6S^  22'^'  Ny 
2  '6  9  ^  42  '  ¥r  s  n  o  w 
'C  0  u  <e  red  i  c  e o'  v  e 
cast  r  s  un  e  2  e  va  t  i  <g  fi 


F  i  gu  r  e  S  •  is  d  2  u.m  i  ^ 
n an c  e  d  iag ram >,  shy 
no.  4,  22* 

IS  9^  42*  ¥9,  snow 
covered  ice,  eve r^ 
cast  9  wind  22  kn.o  ts  9 
"^F 9  .sun  e 2  e  vg  t  i  0^ n 
^2.SS^. 
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Figur'e  9'.  Isolumi^ 
n  an  c  e  d'  i  a  g  r  am ,  s  h  y 
no'  •  §9  62^  l2  *  N  9- 
,169°  4  2'^  ¥9  sri'ow 
cove  r  e  d  v  q  e  9  0  v  >6  r  •“ 
cd'S'.t  9  smn  el  evai^  i-'on 
^11.5^. 


Figure  IQ.  Isolumi 
nance  didgram9  sky 
no.  69  62°  12^  N9 
169°  42  9  snow' 
c 0 V ered  ice 9  ^ P ^  i ^ 
overcast^  no  strue^ 
t:Ure9  sun  elevation 
-f^  l  l  ^ . 


F  i  g:u  r  e  l  l  m  Is  o  1  Urn  z  - 
Wane  e  d  ia g r am ,  s k y 
Wo.  7,  6S°  14*  N, 
I5§‘°  41*  fresh 
s  h  0  !W'  0  o  V  e  r  e  d  ice  > 
complete  ove rc g s t , 
s uh  el evat  ion  ^ 


Figure  12.  isglumi^ 
nance  diagram^  sky 
no.  &,  62^  05.5 *n] 
159^  99*  ¥,  fresh 
snow  on  ice,  solid 
Q’V  eroas  t visil:)ility 
gged'9  sun  elevation 
-^10.5^., 


Fi  gu  r^e  13  .  Is^  o  lum  i  ^ 

n a n c <e  d  id g rdm >  sky 
n0'.  9  r  05  . '5  '^  Mr 

i‘S9'°  3  9*  ¥9  fresh 
s  n  0  v)  0  0  V  e  r  e  d  i  c  e  9 
c  1  e  u  r  9  3 IX  n  e  1  >e  vd  t  z  0  h 

^9.1^. 


Figure  14.  Isolumi^ 
ndh  c  e  d  tag  ram ,  s  ?ry 
m.  IQ  9  42.5*  ' M9 

25  9^^  4  5*  wind 

dr z  pen  snp w  over  ice 
clear  9  scattered, 
■cirru-s  clouds  9  sun 
e  2  e  pat  ion  ^  9-.  8° . 


F  i  g  'm  'fe  i  5  •  I  s  g  I  um  i  ■ 

n>an  c  «  d  i  a  gram  ^  s  k  y 
no.  iii  '61^  44' 

'1€9'^  My  snow 

c o  y ‘ e red  ic t h  i n 
d  V  e  re  d  s  t ,  d  i  ma  s  t 
m%  i  i  e -  d' tit ,  $ un 
el evat z on  - i • i ° • 


Figure  16  m  Isoluit 
tigfic  e  d  i  a  g  ram s  k  j 
noy  12  s  62°  44  m  5.^ 
169^  45.2^  W,  sngu 
covered  ice  9  dver~ 
cast  9  s  u  n  el  e  vg  t  i  c. 

-2m5°m 


figure  17*  is'olTumi 
nano  e  d  i  a  g  ram  ',  s k y 
nok  13,  61^  0  7^  N, 

4  7,5'^  snem 
c  over  ed  i  c'  e  >  d  I  e  a  r  > 
f  ew'  Q  2 ouds  on 
h 0 r i z on >  sun  el evg - 
t  i  o  n  '^14  •  5  ®  , 


Figure  18*  Isolumi 
nance  diagram,  sky 
no*  M,  61^  05^  n] 
.16  9^  56.2  f  U,  grow 
c 0 V e red  io  e ,  c 1  ear , 
s. u n  el  e  v a t  ion  0' •  7 


F  i  g  u  t'e  1  9  •  I  s  o  1  um  i 

n  a  n  c  -e  d  i  d  g  r  am ,  s  k  i/, 
no.  15,  62°  &5  9  , 

2 6  9  °  5  6 2  '  W  r  s  n  o  w 
Q O'  V e  re d  ic  e,  cl  ea  r , 
$ un  el ^ Vat i o n  - S\4 ^ 


Figure  SO,  Is.o2umi' 
nance  diagram.,  sky 
no.  16,  61^  059  M, 

26  9  ^  56  .m  2  9  snow 

covered  ice,  clear, 

s  un  el  e  va  t  t  o. n  -4  ®  • 


WiguT'e  21  w 
n  au  c e  d i g g  ram  §  s k g 
niQ  .  17,  62^  Q3  '^  M-r 

l&'9  ^  56.1^  ¥.r  sno  w 
C  O  v  e  r  &d  i  c  e ,  c  le  -a  r , 
s.  u  n  e  1  e  a  i  t  o  n  ^  S  ® 


Figure  22 •  I'sclumi 
nance  diagram,  sky. 
no.  18,  61^  21,7^  N 
174^  02.3'  W,  snow 
90“  covered  ice,  cleat, 
s^Qm.e  ^,louds  on 
ho  r  i  2  0 n,  ^yun  ele  u 4 “ 
lion  -0.6^. 


F  i  g  u  t  e  S3  •  I  s  6  lu  m  i  - 

nance  diagram^ 
n  o  -4  1 9  s  &  i  °  SI  ,4  7  *  Ns 
174  °  02i3  »  Wi  snom 
cove  r  e  d  z  c  e c  le  a  r  > 
s  u  n  e  I  e  v  d  t  i  a  n  f  °  • 


Figure  S4  •  js  Qj  u.m  i  '■ 
fiance  diagraTh,  sky 
tiQ,  SO,  61^  S1.7^'~N: 
174^^  OS, 3  9  ¥,  snow 
covered  ice  9  clears 
some  clouds  along 
horizon,  sun.  eleva¬ 
tion  -hS.^9'^, 


90' 


sm 

'O' 


180* 


F z g u r e  25 •  I s d 1 Um  i  - 
Wa  n  c  e  d  i  a  g  r  am  ,  s  >k  y 
no^  21,  61^  21.7*  N, 

2^40  :q.2^3  9  w,  snow 
Q  d)  V  er&  d  ice,  clear, 
so  me  cl  0 Ud s  d lo n g 
h o r t z 0 n  >  su n  el e pa ^ 
t  ion  *5 • 0 ® • 


Atmospheric  Refraction 

The  measurejpaents  of  atmospheric  refraction  which 
were  made  by  recording  exact  times  of  sunset  and  sunrise 
on  several  occasions  are  presented  iu  table  2.  Figure  26 
shows  schematically  the  relationship  of  the  various  quan¬ 
tities  listed  in  the  table  and  illnstrates  the  method  by  which 
the  refractions  were  determined  from  the  calculated  astro¬ 
nomical  position  of  the  center  of  the  solar  disc  for  the  time 
of  observation. 
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TABLE  2 .  TOTAL  ATMOSPHE:Ri€ 
OPTICAL  EEFEACTION*  * 


Oate 

;  (a) 

I . (bl 

LJ#..,  ^  -i 

!  (d) 

(e)_ 

2  9  Jan  (R)^ 

1  -195.0 

-9,  9 

-43,2  i 

84,  1  ; 

^  43,7 

39  Jan  (S) 

-83,  8 

-9, 9  ; 

-20:,  :9  ; 

1  61,7 

:  71,3 

1  Wet  (S  j 

:  -  59. 9 

:  -4,9  : 

1  +1,7  ! 

1  39  , 9  : 

i  85,9 

2  Feb  (R) 

-92,7  1 

!  -4,9 

1  -32,0 

70,  6 

132,5 

2  Feb  (SI 

-69. 3  1 

i  -5, 7  ; 

:  -4, 5. 

:  44. 2 

[  86,5 

3  Feb  (S) 

1  -63, 6  : 

1  -6.  9  ■ 

1  -0.9  i 

;  41,5 

^  32. 9 

10  Feb  (S) 

!  -66,4  i 

; . -  .  ii 

-6,9 

-3,4 

44,3 

41.2 

11  Feb  (R) 

;  -79,5  1 

:  -9, 9  1 

:  -19,5 

i  57. 4  i 

40.  8 

11  F  eb  (i  ) 

^99*,  5  ; 

i - - 1 

1  -9, 9'  i 

-6,5  i 

:  47.  4  i 

i  42. 7 

14  Feb  (R) 

^71,2  1 

■-:5,  7 

-9,4  ! 

'49,1  i 

101.98 

19  Feb  (R) 

-93,2  ! 

-4,9 

:  -32,3 

!  70,9 

37.  5 

2:2  Feb  (R) 

-89,  9 

:  -2,8 

-10.1 

^  40.9 

35.  0 

(a)  Observed  sdiar  elevatibn  Qaleula^ed  from  time  and  ship's 
position, 

(b)  Surface  temperature’^pressure  correction  term  added  tO 
observed  elevation  to  obtain  actual  elevation, 

(c)  Anomalous  refraction  obtained  by  subtracting  [(b)  i  (^f  .  I 
angle  of  dip)  +  (-16,  0  min,  for  solar  semidiameten)  +  (^34.  0 
min.  for  standard  atmosphere)]  from  (a). 

(d)  Observed  refraction  =  negative  of  £’34.  0  for  standard 
atmosphere  +  (b)  +  (c)], 

(e)  Radiosonde  Qomputed  refraction, 

*  All  values  in  minutes  of  arc, 

t  Negative  sign  indicates  additional,  unaccounted  for, 
refraction. 

t  (S)  Sunset,  (R)  Sunrise, 
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FigufS  2'6.i  St!,hem,ci.t  i  c  shbwirtg  relationship  Of  quantities 
i  n  t  a  b:l  e  .3^.: 


The  qaestiga  of  aaprediGtahle  optical  refractioas  at 
very  low  aafuiar  altitHdes:  has  loag  been  Of  ialerest  in  the 
eonstriictioa  Or  eorreetioa  of  astroaoiaicai  navigation 
tables.  Tbe  variability  of  these  refraGtions  and  the  laGh 
of  suGoess  in  prediGting  thenti  froin  tables  has  been  ob-^ 
served  by  iniiley^  and  others  to  be  greatly  enhanGed  in 
the  aretie  regions.  I'letcher^  treated  this  probleni  with 
Gonsiderable  thoroughness  and  oonGluded  that  present 
tables  should  stand,  until  an  irnproved  Model  of  the 
atpaOsphere  is  obtained  aeeounting  for  detailed  teMpera-’ 
ture  strueture  and  providing  a  sinaple  Means  of  inGluding 
proper  correetions  in  navigation  tables,  Strand'’^  reaehed 
a  siMilar  Gonelusion  from  his  careful  observations  a;t  the 
Dearborn  Observatory.  Since  the  ineeption  of  the  dis“ 
cussions  that  have  revolved  around  this  point,  there  has 
been  the  suggestion  that  aside  from  the  implied  naviga¬ 
tional  interest  there  may  be  significant  effects  of  this 
added  refraction  on  horizontal  illuMinance  when  the  sun  is 
near  the  horizon.  In  verbal  discussions  at  the  |dth  Meeting 
of  the  NRC  =  Armed  Forces  Vision  Committee,  an  opinion 
was  presented  that  these  can  amount  to  as  much  as  a  degree 
or  a  sizeable  fraction  thereof  and  that  the  level  of  illumina¬ 
tion  near  the  pole  can  consequently  vary  substantially  from 
the  predicted  values  for  long  periods  of  time. 
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irfee  two  priMsiry  objeetives  M  these  observaittoh'S  were 
to  deteriMiiie  if  sii'dh  ref raGtion®!  do.  ocGilr  with  any  ebn>“ 
siderab'Ie  freqaeistGy  and  td'  simdy  the  effedt  of  snch  occnr- 
renoeis  on  the  horizontai  illHiainanee. 

The  dbiservations  were  dfviided  into  two  groups  rougMy 
repre’Sentative  of  iarg e  refraGtion  and  little  or  no  refrae-^ 
tion.  The  iiluniination  data  for  each  of  the  obiservation 
Itfiies  were  then-  piotted  aGeording:  to  this,  division  as  a 
funGtion  Of  astronoaa.iGal  sun  position^  These  piots  are 
shown  in  figures  27  and  28*  ilt  first  giance  it  seeraed  that 
the  large  amount  of  sGatter  apparent  in  the  figure  27  data 
gouM  be  related  to  the  anomalous  refraGtion>  The  data 
were  replotted  with  a  shift  in  the  lOGatlon  of  the  illuminanGe 
GUrve  by  an  amount  equal  to  the  observed  refraGtion,  This 
proGedUre  gave  no  statistiGal  indiGation  of  any  relationship 
between  the  illuminaned  and  the  refraGtion  nor  did  it  sig-‘ 
nifiGantly  reduce  the  seatter  in  the  measured  illuminanGe 
data. 

St  seem,e4:  desirable  also  to  try  and  GalGulate  as 
exactly  as  possible  the  actual  refraGtion  for  the  times  of 
observation.  The  most  nearly  appropriate  data  that  fan 
be  found  are  the  radiosonde  data  of  hfomej  Alaska,  pub¬ 
lished  by  the  P.  i.  Weather  Mureau.  ®  This  Information 
is  available  for  Only  two  times  eaGh  day,  and  the  loGatiOn 
is  sufficiently  different  that  Very  little  Gorrelation  at  the 
lowest  elevations  could  be  expeeted,  The  method  of 
Wgisbrod  and  Anders on^  was  used  to  compute  actual 
optical  refraetions  Of  the  entire  atmosphere  for  the  case 
of  sun  elevation  equal  to  zero  degree .  These  computations 
are  listed  in  the  last  column  of  table  2  ,  Acceptanee  of  the 
hypothesis  of  zero  correlation  at  the  .  9'9  e-onfidenee  level 
between  the  observed  and  Galoulated  values  shows  that  the 
prediction  teGhnique  is  not  adequate  to  explain  the  obseiwed 
refraetions.  Since  the  refraetion  eannot  be  .predieted  from 
radiosonde  nor  any  observed  relationship  to  illumination  be 
demonstrated,  it  is  reasonable  to-  conelude  that  anomalous 
refraction  is  a  purely  local  phenomenon.  Typically  many 
unusual  and  often  spectacular  optical  phenomena  o.ccui’  in 
the  arctic  regions.  Excepting  the  aurora,  these  nearly  all 


eriginale  to  the  lowest  layet's  of  the  atto&spheire  aiad  oftea 
ihvoive  tesaperatore  toversiofts  to  the  lowest  few  fiaetersi 
Aaomaious  refraGtioa  fos*  either  large  Or  small  zenith 
angles  certainly  can  ocetar  at  these  lowest  levels  and  can 
toterfere  with  navigationj  but  it  cannot  to  any  meas-mrable 
ej^ent  affect  illumtoation  of  the  surface,  Slumlnance  of 


Fig:Ure  27.  Horizontal  i  1  lum  i.nanc:e 

versus  solar  elevation 

for  d a ys-  of  high,  ref  ra et  z a n . 


ffie  Biof  izdmtal  plane  at  tini'ea  near  snnset  or  sanrlse  arises 
alrnost  entirely  from  sky  ligitt  andj  of  GOursej.  this  radia^ 
tion  originates  from  scattering  from  the  entire  atmosphere 
which  m  the  biihc  is  illuminated  directly  hy  sunlight  not 
passing  through  the  more  highly  and  anomalously  refracting 
low  layers. 
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Figure  28,  •.  Ha  r  i  zont  a  1  i  1 1  urn  in  a  me,  e 

versus  solar  elevation 

for  days,  of  lo.m  refraotion* 


Gofiloiilidtoiiic^li^ic  Furictions  for  Snow 

FigUvreS'  2'9  ithf  dtagh  3  l  prg  seSt  t'he  d'ala  eoileoted-  dfi  the 
.gidMdpkotdmatrie  fliacittons  fQt  s&m,  This  infofMatidn  is 
inedfiiptete  and  reveals  only  what  might  have  been  logically 
expected  from  a  simple  qaalitative  deseription  of  the  snow 


#  :6&  '8&  80  60;  ^ 


Figure  SB*  Sngio  gon  i opFi'o  %d'met  rp,,,  f  February  I9$'0, 

62^'  M.f  16  9^  39^  Wi  tigw  snow  on  ice  9  U'vin  eleva^ 

t  ion  9 i  !L^ ,  clear* 


40  60  80  '60  4g 


F  z  g  lire:  3  0*  S  n  0  w:  §■  c  n  i  o^p^ho.  1 0  met  r  y ,  9‘  Fehrua  r  y  1 9&  0 , 
61^  46.5^  N:.,  i'6-9—  45^  suTfac e^wind  crusted  snow,: 
sun  ei  euat  ion  11*  5  S<0'  pe  r  c  ent  c  i  rr-u,s  * 
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ACROSS 
^  THE  sun: 


Figure  31,  Snew  goriio piigtgme%  ry ,  11  February  l'&'6Q'r, 

■61°  -.Q'?!  M,  160°  s-U>rfu-ce-wind  patched  hard 

sh.&w',  sun  elevation  I4,5°i  el  ear* 


siirfaGes  measured.  Tfoe  hard  wtnd^paelced  snow  surfaees 
e^ifeit  the  ej^eeted  sipeeuiar  property  at  large  angles  of 
incidehce  hear  the  l^efleeted  solar  points  Future  iheaSUre^ 
mehts  Of  these  functiohs  shouM  inelude  smalter  ihGideht 
angles  of  illurfilhatioh  andj  indeed,  a  wider  range  of  inei^ 
deht  afxgtes  for  the  illuminatihg  souree.  It  would  then  be 
possible  to  Gharaeterize  fully  the  variation  in  optieal 
properties  expegted  as  a  fungtion  of  the  variation  in  the 
physigal  StrugtUre  of  the  surfaee,  HVOiddleton  and  Mungall's 
study  Of  snow  Surf  ages  in  Canada  has  to  date  provided  the 
only  reliable  means  for  predieting  the  appearanee  ef  various 
types  Of  Show  suhfaees  as  a  fungtion  of  angle  of  view  and 
angle  of  illumination.^  ® 


Two  fagtors  whigh  have  Gonfounded  the  measurements 
presented  here  are;  (1)  the  ergodie  assumption  that  the 
geometrieal  properties  of  the  surfage  seanned  by  the  photom 
eter  are  invariant  with  position  along  the  line  of  scan  is 
probably  ingorregt,  and  (2 1  the  level  and  Gonditions  of 
illumination  are  not  sensibly  invariant  during  the  time 
required  for  regording  the  measurements. 


Phoi#grapliS 

Figmfes  32  tteroBgh  36  are  exafiaples  of  the  134  ealibra- 
ted  photograph®  obtainedli  lleiaiive  ferighthess  reiatioitships 
are  availaMe  In  each  Of  the  photographs  from  simple  miGrO- 
densitometry  Of  the  negatives.  Studies  Of  the  goniophoto- 
metriG  functions  for  snow  and  ice  surfaces;,  floe  size  dis¬ 
tributions;,  and  pressure  ridge  formation  and  its  influence 


Fi  gure  32.  Photograp-h  of  sea- ice  surface,  showing,  effect  cf 
geometric  structure  of  appearance*  G-razing  angle,  large 
scale,  close  view. 
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oa  dptieal  paraateters  ®steg  these  pietui'es  and  other  data 
are  still  underway  and  will  be  repQrted  at  a  later  datei 
Figures  32;  and  33  are  exathples  of  the  same  surface  at 
very  differ ent  scale  and  angle  of  views  The  ekanging 
appearanee  and  integrated  luminanee  of  flat  areas  and  of 
shadowing  fey  ridges  and  the  nature  of  the  small-scale 
detail  effects  are  apparent  in  comparing  these  two  examples. 


Figure  33,  Photograph  of  sea-^ice  surface,  showing  effect  of 
geometric  structure  on  appearance.  High  angle,  small  scale, 
distant  view. 
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Figure  M  is  a©  axaiflapie  of  tbe  loos#  pac'k  aeaiP  fe#  edg#  of 
tie  ice  paek.  Tie  eiaraoteristic  poljigoaal  slape  of  floes 
aad  tie  dist3riiutiOH:  of  sizos  are  apparent.  Figure  35 
depicts  a  typiGal  lead  arid  also  iHelud'es  goodi  exampies  of 
darker  new  lee  forniing  in  the  open  water  as  well  as  reia- 
tively  snow -free  refrozen  leads.  Tie  various  conditions 
and  past  history  Of  sea  ice  can  fee  easily  interpreted  vis¬ 
ually  from  pictures  such  as  tiese<  but  it  is  the  aim  of  tie 
furtier  studies  mentioned  above  to  develop  more  precise 
means  of  interpretation. 


Figure  34  m  Character  is, t  ie  fl@e  forms,  of  loose  iee  paohm 
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The  inlpoirtaiaee  of  mler*0  and  inaer 0  f  eomef riGa]!  sui^  - 
fa.ee  profile  on  the  gOMlophotOnaetrie  refleGtanee  functions 
Is  graphically  shown  fey  figure  3:6-.  The  "oily''  appearance 
of  the  surface  of  the  sea  te  this:  photograpfa  has  feeen  des-^ 
Gribed  as  iniparting  a  model  or  miniature  effect  to  the 
Seene.-  This  deseription  is^  easily  Understandable  on  the 
basis  of  the  physical  state  of  the  water  in  the  vicinity  of 
the  ship.  The  water  here  at  the  edge  of  the  pach  contained 
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Figure  $$•  Effect,  af  fine  niUshy:  ice  on  appearance 
of  sea  surface^ 


9.  floating  layer  0f  fine  mns’hy  iee  that  effeetiveiy  danaps 
put  all  the  snaall  wavelets  wMph  are  ubiquitpus  in  nprnaal 
seas  and  which  profoundly  affect  the  refleetanee  pf  light 
fr-pm  loealized  spuree  s  .  These  impart  the  normal  appear - 
anee  to  the  sea. 

It  is  not  possible,  of  course,  t®  eornpletely  determine 
a  goniophotoinetrie  reflectance  profile  from  a  single  point 
of  view;,  but  many  pictures,  carefully  calibrated,  and 
taken  at  a  variety  of  angles  pf  the  same  general  area  will 
produce  in  future  studies  such  profiles.  In  conjunetipn 
with  these  pictures.,  phptoeleQtriG  equipment  now  being 
designed  and  constructed  will  provide  statistical,  spatial 
power  spectra,  and  polarizatipn  data. 


CONCLUSIONS  AND  PLANS 


The  IniforMatidn  given  represents-  the  fullest  description 
of  sea -level  optical  conditions  presently  available  on  the 
arctic  winter  naval  environinent:.  It  provides  limited  basic 
data  required  to  predict  coaditions  influencing  visibility j, 
photographic  or  photoelectric  surveillance  of  an  important 
naval  operating  area,  and  light  and  illumination  intensity 
affeeting  arctic  personnel  and  equipment  operationSi 

In  particular,  the  photographs  obtained  will  be  used  in 
Gontinuing  studies  of  sea  surface  target  backgrounds  and 
in  studies  of  remote  sensing  by  optical  means  of  sea  and 
ice  Gondltioas.  Future  studies  will  attempt  to  relate  the 
signals  and  pietures  obtained  from;  weather  and  other 
satellites  to  these  precise  photometric  descriptions^ 

The  luminance  disfributions  and  the  illuminance 
records  in  conjunction  with  the  photometric  photographs 
of  the  Surface  will  permit  calculated  predictions  to  be 
obtained  Of  the  photoelectric,  photographic,  and  visual 
detectability  of  surface  objects  and  targets.  These  data 
can  also  serve  as  inputs  in  laboratory  simulation  experi¬ 
ments  often  required  to  analyze  complicated  detection 
and  recognition  problems  involving  targets  of  complex 
form  and  pattern^ 

These  data  are  supplementary  to  a  program  of  optical 
studies  underway  at  Point  Barrow,  Alaska.  In  particular, 
the  Barrow  data  do  not  include  the  photography  although 
they  do  include  a  much  more  comprehensive  ground  level 
Study  than  could  be  carried  out  aboard  ship.  By  later 
cOmparlson  with  luminance  distribution  and  illuminances 
obtained  aboard  USS  STATEN  ISLAND,  it  is  hoped  that 
the  rnore  extensive  Barrow  data  can  be  related  to  the  sea- 
ice  surface  studies.  Additional  sea,  ice,  terrain,  and 
cloud  studies  are  being  initiated  to  extend  and  develop  the 
methods  of  remote  optical  sensing  of  the  physical  proper¬ 
ties  of  natural  surfaces  and  backgrounds. 


A  significarit  poirif  revealed;  by  the  &mftset-stifirise 
observation®  is  that  the  eonj;eetnred  prolongation  of  twiiight 
ilianiinance  toy  the  so^ealled  arctiG  anonaalOBS  reft'a'ction 
seems  not  to  be  tenable  in'  light  of  indications  of  the  data 
on  iliumittanee  obt-aMed  and  the  measnrements  of  refrac¬ 
tion. 
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